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© A switch Incorporating NCAP liquid crystal 

@ A switch comprising a liquid crystal means 
between two flexible substrates each having an electrode 
formed thereon. Each of the substrates have sufficient flexibility 
to deflect In response to the application of a pressure thereto. 
The display Is visible through the substrate located at the front 
of the switch. A third substrate Is disposed to the rear of the 
first two substrates and has a conductor formed thereon. The 
third substrate forms part of a switch and includes a flexible 
portion for actuating a switch function In response to the 
application of the pressure. A reflector means is formed on the 
aide of the third substrata remote from the conductor. An air 
gap exists between the reflector means and the second 
electrode. A substantially rigid substrate Is disposed to the rear 
of the third substrate. At least a portion of the first, second and 
third substrates are deflectable toward the rigid substrate in 
response to the application of a pressure so as to actuate the 
switch function and cause a change in the display. 
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Description 

A SWITCH INCORPORATING NCAP LIQUID CRYSTAL 



I Background of the Invention 

I The present Invention rotates generally to liquid 

crystals, and more particularly to a switch incorpora- 
ting nematio curvilinear aligned phase ("NCAP") 
liquid crystals. 

Liquid crystals are used In a wide variety of 
devices, Including visual display devices. The 
property of liquid crystals that enables them to be 
used, for example, in visual displays, is the ability of 
liquid crystals to transmit fight on one hand, and to 
scatter light and/or to absorb it {especially when 
combined with an appropriate dye), on the other, 
depending on whether the liquid crystals are in a 
relatively free, that is de-energized or field-off state, 
or in a strictly aligned, that la energized or field-on 
state. An electric field selectively applied across the 
liquid crystals can be used to switch between the 
field-off and field-on states. 

There are three categories of liquid crystal 
materials, namely, choiesteric, nematic and smectic. 
The present invention relates in the preferred 
embodiment described hereinafter to the use of 
Dqutd crystal material which Is operationally nematic. 
By "operationally nematio' Is meant that, m the 
absence of external fields, structural distortion of 
the Squid crystal is dominated by the orientation of 
the liquid crystal at its boundaries rather than by bulk 
effects, such as very strong twists (as in choiesteric 
material) or layering (as in smectic material). Thus, 
for example, a Iqidd crystal material including chiral 
Ingredients which induce a tendency to twist but 
which cannot overcome the effects of the boundary 
alignment of the liquid crystal material would be 
considered to be operationally nematic. 

A more detailed explanation of operationally 
nematic liquid crystal material is provided in U.S. 
■ Patent 4,618,903, issued October 14, 1986, In the 
name of Fergason, entitled ENCAPSULATED 
UQUID CRYSTAL AND METHOD, assigned to 
Manchester R&D Partnership, the disclosure of 
which Is hereby incorporated by reference. Ref- 
erence may also be made to U.S. Patent 
No. 4,435,047, issued March 6, 1984. in the name of 
Fergason, entitled ENCAPSULATED LIQUID CRYS- 
TAL AND METHOD, assigned to Manchester R&D 
Partnership, which disclosure Is also hereby Incor- 
porated by reference. 

NCAP liquid crystals and a method of making the 
same and devices using NCAP liquid crystals are 
described In detail In the above-identified U.S. 
Patent No. 4,436,047. A NCAP liquid crystal appara- 
tus is an apparatus formed of NCAP liquid crystal 
material that is capable of providing a function of the 
type typically Inuring to a liquid crystal material. For 
example, such a NCAP liquid crystal apparatus may 
be a visual display device that responds to the 
application and removal of an electric field to effect a 
selected attenuation of visible light. 

Such NCAP liquid crystal apparatus may com- 
monly include a NCAP liquid crystal material posi- 



tioned between two electrodes wherein the elec- 
trodes may be located on respective flexible sub- 
5 strates. Such apparatus may be used In electronic 
devices that Include a keyboard or push buttons or 
an array of push buttons, or other types of electrical 
switches and contacts used to control and/or input 
Information Into an electronic device. 
10 Such an electronic device may Include any 
number of function keys such as OFF and ON. 
START and STOP, TEST and NO-TEST, etc It will be 
appreciated that as the complexity of an electronic 
device increases, the number of functions which the 
15 device can accomplish, and hence the number of 
function keys or push buttons, also increases. Due 
to space limitations and for other considerations, It 
would be advantageous to Omit the number of 
function keys and associated displays for a particu- 
20 lar electronic device. One way of doing this is to 
integrate a function key into an apparatus which 
displays the function. 

The NGAP liquid crystal Is particularly suitable for 
use as part of a switch or function key for inputting 
25 and displaying information. A membrane-type switch 
may be Integrated with an NCAP liquid crystal 
display apparatus wherein information is displayed 
by the NCAP apparatus with such display being 
visible through the front of the switch. Depression of 
30 a flexible substrate of the NCAP apparatus by 
application of a pressure thereto, as might be 
applied by an operator, can input information and 
causes a change in the display. The quaflty of the 
display of the present invention is not adversely 
& affeoted by application of a pressure to the sub- 
strate. In fact, the high quality of the display of the 
present invention is unchanged by the application of 
such a pressure. 
With prior art liquid crystal cBsplay devices not 
40 utilizing NCAP liquid crystal, it was not possible to 
buPd a truly effective display apparatus that Includes 
a membrane-type switch for Inputting or receiving 
Information. The reason for this Is that depression of 
a flexible faceplate of such a switch, beneath which 
45 may be located a liquid crystal material, would cause 
a flow of the liquid crystal material away from the 
location at which pressure is applied, adversely 
affecting the quality of the display. 
Particularly, such a flow of liquid crystal produces 
so a change in the electrical and optical properties of 
the liquid crystal, for example, a change in polariza- 
tion and the occurrence of birefringence, which 
adversely affects the appearance of the display. For 
instance, the application of a pressure to a prior art 
55 liquid crystal display device utilizing a twisted 
nematlc-type liquid crystal material would cause 
such material to lose its 90° twist producing a 
detrimental optical effect and thereby degrading the 
quality of the display. Additionally, when such 
60 pressure is removed, the liquid crystal material flows 
back to its original position, producing another 
detrimental optical effect. 
Unlike prior art liquid crystal displays (those not 
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utfflzfng NCAP liquid crystal), the NCAP liquid crystal 
which forms a part of the switch apparatus of the 
present invention is Insensitive to pressure. 

Thus, there is no detrimental effect to the display 
of such an apparatus upon the application of 
pressure thereto. Particularly, by providing for 
confinement of discrete quantities of liquid crystal 
material, for example. In capsules, permits each 
individual capsule or capsule-fike volume to In effect 
operate as an independent liquid crystal device wfth 
the result that the display effected by the switch 
apparatus of the present invention Is not pressure 
sensitive. That is to say, the encapsulated Bquld 
crystal material will not flow away from the point at 
which pressure Is applied to any significant extent to 
adversary affect the quality of the display. Or It may 
be said that the NCAP liquid crystal is substantially 
Incomprehensible relative to the flexibility of "a 
flexible substrate that supports it 

In view of the foregoing, an object of the present 
invention is to provide a key or switch Incorporating 
NCAP liquid crystal wherein an effective cflspiay is 
provided. 

Another object of the present invention is to 
provide a key or switch including a NCAP liquid 
crystal which is insensitive to pressure wherein the 
switch Is adapted to Input and display Information 
such that the information displayed may be depend- 
ent upon the function or operation controlled. 

Summary of the Invention 

As may be seen hereinafter, the switch of the 
present Invention Includes a liquid crystal means. 
The Squid crystal means comprises a liquid crystal 
material and containment means for Inducing a 
distorted alignment of the liquid crystal material 
which In response to such alignment at least one of 
scatters and absorbs light and which In response to 
a prescribed input reduces the amount of such 
scattering or absorption. 

The prescribed Input is preferably of the electro- 
magnetic type and, more particularly, an electric 
field. A pair of electrodes are provided to apply the 
electric field. The electrodes are located on opposite 
sides of the combination of the liquid crystal material 
and the containment means. Trie electrodes are 
supported on first and second flexible substrates. 
The substrates supporting the electrodes have 
sufficient flexibility to deflect In response to the 
application of a pressure. 

A third substrate is disposed rearwardly of the 
second substrate and has a conductor formed 
thereon. The third substrate forms part of a switch 
and includes a flexible portion for actuating a switch 
function in response to the application of the 
pressure. A reflector means is formed on the side of 
the third substrate remote from the conductor. An 
air cap Is formed between the reflector means and 
the electrode on the second substrate. 

A substantially rigid substrate is disposed behind 
the third substrate. At least a portion of the first, 
second and third substrates deflect toward the rigid 
substrate in response to the application of the 
pressure so as to actuate the switch function and 
cause a change in the display. The display may 
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change at the point of appBcai|on of the pressure by 
causing an electrical Input to be provided to the 
liquid crystal mesne. At least a portipn of that 
pressure is appf ed to the liquid crystal means during 
5 deflection. The liquid crystal means is substantially 
unaffected by the application of the pressure in that 
it retains Its ability to Induce the distorted alignment 
and to reduce the amount of scattering or absorp- 
tion during application of the pressure. 
10 A barrier may be disposed between the reflector 
means and the second electrode for preventing 
moisture and/or oxygen from contaminating the 
liquid crystal means. The switch may also Include 
means for reducing the amount of ultraviolet radia- 
te tion passing through the first substrate. 

The switch can also include an electroluminescent 
panel. The panel forms a backlighting source and 
carries an electrical conductor for switch operation. 
The switch may further Include appropriate 
20 means, such as domes disposed between the 
substrates of the membrane switch portion, for 
providing a tactile feel to an operator of the switch. 

Brief Description of the Drawings 
25 The present Invention wffl be described In more 
detail hereinafter in conjunction with the drawings 
wherein: 

Figures 1-2 schematically IDustrate a display 
that may be created with a switch in accordance 
SO with the present Invention; 

Figures 3-5 are schematic, cross-sectional 
views Illustrating switches in accordance with 
the present invention; and 

Figure 6 is a schematic cross-sectional view 
35 illustrating a switch in accordance with the 

present Invention including means for providing 
a tactile feel 

Description of the Preferred Embodiments 

40 Referring now to the drawings, in which like 
components are designated by like reference num- 
erals throughout the various figures, attention is first 
directed to Figures 1 and 2. Figures 1 and 2 show a 
switch 6 that is adapted to control some function 

46 such as an on/off function of an electrical or 
electronic device 7. ft should be apparent that the 
present Invention may be used to control and display 
almost any function of a device, such as START/ 
STOP, HIGH/LOW, FORWARD/REVERSE, etc. Ad- 

60 optionally, it should be apparent that the present 
invention may be utilized with many different types of 
devices, for example, calculating equipment, com- 
munication equipment, household appliances such 
as microwave ovens and washing machines, com* 

65 puter-aldad design equipment, and computer-aided 
manufacturing equipment. 

Figure 1 depicts the device in the on mode 
wherein the word "ON" is displayed. Figure 2 shows 
the device In the off mode with the word "OFF* 

60 displayed. 

As shown in Figure 3, switch 6 Includes an NCAP 
liquid crystal cell 6 and a membrane-type switch 
portion 8. The switch 8 includes flexible substrates 
20 and 22 having appropriate conductors formed 

65 thereon. A substantially rigid substrate 24 is located 
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behind substrate 22. The NCAP cell Includes a NCAP 
liquid crystal materia) 11 supported on a flexible 
substrate 12 having an electrode 13 located thereon. 
The cell further comprises a second electrode 14 
mounted on second flexible substrate 18. The cell 
and the switch may each be about .015 inches thick. 

Substrates 12. 18 and 20 are adapted to deflect or 
be deformed toward the rear of the switch, i.e. 
toward rigid substrate 24, when a pressure Is applied 
thereto, as schematically Illustrated by arrow "A" . As 
will be discussed, substrates 12, 18, 20, and 22 may 
be polymeric films having sufficient flexibility to 
deflect under a pressure as might be applied by an 
operator of a typical keyboard. Preferably, these 
substrates are thin polyester films. 

The NCAP liquid crystal material 11 may Include a 
containment medium containing plural volumes of 
operationally nsmatfo liquid crystal. The Rquid crystal 
preferably contains a pleochroic dye to absorb light 
In the field-off state. The plural volumes may be 
discrete or interconnecting cavities or capsules. The 
interconnecting channels or passageways may also 
contain liquid crystal material This structure is 
described in more detail In U.S. Patent 4,707,080, 
issued November 17, 1987, entitled ENCAPSU- 
LATED LIQUID CRYSTAL MATERIAL, APPARATUS 
AMD METHOD, assigned to Manchester R&D Part- 
nership, the disclosure of which is hereby Incorpor- 
ated by reference. 

Whether such interconnecting passages exist 
does not affect the performance of a switch 
constructed In accordance with the present Inven- 
tion. That ia, even if the interconnecting passages 
am present, the NCAP liquid crystal material Is still 
insensitive to the application of a pressure appOed 
thereto during actuation of the switch. 

In the embodiment illustrated, electrode 13 com- 
prises two electrically isolated patterns of conduc- 
tors 13a and 13b (see Figures 1 and 2), each of 
which may be selectively energized. Conductor 13a 
may be configured to display the word "ON" when It 
is energized, and conductor 13b the word "OFF* 
when It is In an energized state. Electrode 14 is the 
common electrode and preferably has a rectangular 
shape that approximates the outline of the pattern of 
electrode 13. 

Of course. It should be understood that electrode 
13 may comprise some other pattern of conductors, 
for example, electrode 13 may comprise a plurality 
of 5 x 7 dot matrix characters wherein Individual 
conductive segments of the matrix may be selec- 
tively energized, as is known in the art, to display 
either the words "ON" or "OFF". For that matter, 
such a dot matrix arrangement may be driven to 
display any other alpha or numeric display desired, 
including a display of more than two functions or a 
display of other information. The display may also 
comprise some form of graphics or a color that is 
visible or not depending upon whether an electric 
field is applied across electrodes 13 and 14. 

Flexible substrates 12, 18 and electrodes 13, 14 
are optically transmlsslve so that the NCAP cell is 
capable of controlling the transmission of light 
therethrough in response to an electric field applied 
across electrodes 13 and 14. 



A plurality of NCAP liquid crystals arranged In one 
or more layers may be applied to substrate 12 in a 
manner such that the NCAP liquid crystals adhere to 
electrode 13 and substrate 12. Substrate 12 may be 
6 a flexible polyester film that has been precoated with 
a less than 100 ohms per square layer of Indium tin 
oxide (ITO). Substrate 12 may be about 7 mis thick. 

A layer of electrically conductive material, such as 
nickel (Nl), may be deposited on top of the layer of 
10 fTO. The two layers may then be subjected to an 
etching operation so that the ITO layer forms, for 
example, electrode segments 13a and 13b, and the 
NI/ITO layer forms busses to power the conductive 
segments. The conductive segments are, obviously, 
15 In the viewing area of the Display. The busses would 
be In a non-viewing area. A polyester film with a 
precoated NI/TTO layer may be obtained from Andus 
Corporation, Canoga Park, California. This film and 
an exemplary etching operation are described In 

20 detail in the above-Identified application Serial 
No. 915,355. 

Substrate 18 may also be a flexible polyester film 
precoated with less than a 100 ohms per square 
layer of ITO to form electrode 14. This substrata may 

25 be about 4 mils thick. The fflm may also be 
purchased from Andus Corporation or SouthwaR 
Corporation of Palo Alto, California. 

As noted, switch portion 8 includes substrates 20 
and 22. Substrate 20 may have a reflector 26 formed 

30 on one side and a common electrode 28 formed on 
the other side. Reflector 26 may comprise a 
fluorescent paint of any desired color. The reflector 
layer may be applied to the surface of substrate 20 to 
have a thickness of about .001 Inches, in the 

35 on-state, light transmitted by the liquid crystal cefl 6 
Is reflected by reflector 26 and is visible to an 
observer 30, such as an individual operating the 
electronic device 7, or an observing Instrument 
located In front of or on the viewing side 31 of the 

40 switch. 

Substrate 22 has formed thereon a switch pattern 
electrode 32. As is well known in the art, electrode 
32 may have any desired pattern for switch oper- 
ation; for example, electrode 32 may have an 

45 interdigitated pattern. A layer of switch spacer 
adhesive 34, may be disposed between common, 
electrode 28 and pattern electrode 32. This layer can 
comprise a polyester film having a suitable adhesive, 
such as 3M 467 available from 3M Corporation, St 

50 Paul, Minnesota, located on both sides of the film. 
The layer may be about .005 inches thick. In the 
absence of a pressure applied to the switch, for 
example, by an operator, layer 34 separates, both 
physically and electrically, electrodes 28 and 32. 

55 Appropriate cut-outs, however, are formed in layer 
34 so that electrical contact can be made between 
conductors 28 and 32. Thus, when a suitable 
pressure is applied to the switch, electrode 28, 
which may be In the form of a dome, makes contact, 

60 through the openings in layer 34, across the fingers, 
for example, of the interdigitated pattern of elec- 
trode 32 to actuate the switch function. Membrane 
switches are described generally In U.S. Patent 
4,683,360, issued July 26, 1987, which disclosure is 

65 hereby Incorporated by reference. 
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Substrates 20 and 22 are also flexible and may be 
formed from a polyester fflrn material such as Mylar®. 
Electrodes 28 and 32 may be any appropriate 
electrically conductive material, for example silver or 
carbon. The electrodes may be screervprinted or 
otherwise formed on their respective substrates. 

Substrate 24 is substantially rigid and comprises a 
sfrffener at the back of the switch. It may be formed 
from polycarbonate or a phenolic material having a 
thickness of about 30 to 100 mils. 

As Is known m the art, substrate 24 may also have, 
for example, a metallic tape, with an adhesive 
backing, disposed along the edges of the substrate. 
The tape Is connected to a ground so that the 
substrate Is electrically grounded to act as an 
electrostatic discharge (ESD) shield. The ESD shield 
protects the switch electronics from any electros- 
tatic charge induced In the switch by Its operation, 
tor example by the application of a pressure thereto 
by an operator. Any such electrostatic charge Is 
passed to ground rather than the switch electronics. 
A suitable adhesive 38, such as 3M 467, Is utilized to 
join substrate 22 and rigid substrate 24. 

Substrate 24 may also comprise a metallic 
substrate, for example aluminum. The metallic 
substrate provides a stiffener at the back of the 
switch, and if it is connected to ground, an ESD 
shield. 

Switch 5 may further Include a graphic overlay 40 
located at the front face of the switch. The graphic 
overlay may be approximately .005 inches thick. It 
may form a template having appropriate shapes, 
contours, holes, and cutouts to frame the displays 
established by the switch of the present invention. 
The graphic overlay may comprise a polycarbonate 
or polyester Aim having the graphics screen printed 
on the reverse side and an abrasion-resistant 
coating formed on the front side. Such a material is 
sold under the trade name Mamot II byTekra. Inc. of 
Madison, Wisconsin. The graphic overlay may be any 
desired color, such as black, or it may be multi-co- 
lored. It will have appropriate openings formed 
therein through which the display, for example the 
words "ON* and "OFF, may be visible. 

The switch may further Include a layer 42 of 
ultraviolet (UV) Kght absorbing material. Layer 42 
may be disposed between graphic overlay 40 and 
substrate 18, and be adhered to the graphic overlay 
by means of a suitable optical adhesive 44, such as 
Y97 21 from 3M or adhesive 2104 from MACTAC of 
Stow, Ohio. Both the optical adhesive and layer 42 
are optically transmissive. Layer 42 may comprise a 
layer of acrylic, approximately 2 to 3 mils thick, with 
UV Inhibitors. Such material Is available, for example, 
under the trade namB Transflective Sheet/UV Filter 
(PUVF030), and may be purchased from Nitto of 
Tokyo, Japan. Layer 42 absorbs ultraviolet light that 
would otherwise cause yellowing of the liquid crystal 
material adversely effecting its optical performance. 

Switch 5 may also include a moisture barrier 46 
disposed between substrate 1 2 and reflector 26. The 
moisture barrier is optically transmissive and may 
comprise a layer of polyester coated with ITO. This 
material may be purchased from Andus or Southwall. 
The barrier is designed to prevent water from leaking 



into the liquid crystal cell and detrimentally effecting 
the liquid crystal material's optical and electrical 
properties. By way of explanation, during the etching 
process to form electrode 13, the electrode-coated 
5 layer on substrate 12 is etched down to the 
substrate. Since water may leak or bleed through 
substrate 12 In the regions where there Is no 
electrode coating, barrier 48 is provided. An optical 
adhesive 50, like optical adhesive 42, may be utilized 

10 to join moisture barrier 46 and substrate 12. Barrier 
46 can also prevent oxygen from leaking into and 
contaminating the liquid crystal material. 

Switch 5 can also Include a die-cut air gap 
adhesive layer 62 formed between moisture barrier 
15 46 and reflector 26. This is a layer of adhesive 
material, such as 3M 467, that has cutouts or 
windows formed therein, such as by die cutting, that 
match the electrode pattern of electrode 13. Thus, 
an air gap or air space Is formed between reflector 

20 26 and the active regions of the NCAP liquid crystal 
cell 6, i.e. the electrode segments of electrode 13, 
-for example, electrode segments 13a and 13b. The 
air gap or spacing between the reflector and the 
electrode 13 results in a brighter display and hence 

25 better contrast between the on and off states of the 
switch. The thickness of layer 52 may be about 2 
mils. 

As Is known, a voltage may be selectively applied 
to electrodes 13 and 14, and hence across liquid 

30 crystal material 1 1 of the NCAP liquid crystal cell, by 
means of a switching circuit (not shown). Circuits 
that accomplish this function and the functions of 
switching are conventional and weO known to those 
skilled m the art, and thus they are not desoribed 

35 here. As shown, appropriate electrical leads or 
connections 15 connect electrodes 13 and 14 to the 
appropriate circuitry. Similarly, an electrical lead or 
Interconnection 38 connects switch electrodes 28 
and 32 to appropriate circuitry for controlling the on 

40 and off functions, for example, of device 7. 

By way of example, if device 7 Is In the off mode, a 
voltage will be applied across common electrode 14 
and electrode segment 13b, and hence across the 
NCAP liquid crystal material located therebetween, 

45 such that the molecules of the NCAP liquid crystal 
are in the desired alignment to permit the trans- 
mission of light to display the word "OFF", which will 
appear as the color of the reflector. Conversely, if no 
voltage is applied across electrode segment 13a, the 

so liquid crystal material between segment 13a and 
electrode 14 is in the off state wherein the Dquld 
crystal material and the dye scatter and/or absorb 
light to obscure the word "ON". Pressing the front of 
the switch 5 to turn device 7 on causes electrode 

55 13a to be energized and electrode 13b to be 
de-energized such that the word "ON" Is displayed, 
in the desired color, and the word "OFF" Is 
obscured. 

As discussed, switch 5 Is operated by applying a 
60 pressure as shown at "A" to the front of the switch. 
This results In the application of a pressure to liquid 
crystal material 11 of NCAP cell 6 which is 
transmitted to membrane switch portion 8 to cause 
conductors 28 and 32 to make contact to actuate the 
65 switch function and change the display provided by 
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NCAP ceil 6. Of course, the switch layers between 
the front face of the switch and rear substrate 24 all 
should preferably be made of a flexible material. 

Figure 4 illustrates an improved version of the 
switch of Figure 3. Specifically, switch 5 {Figure 3) 
Includes 14 discrete layers (the reflector and its 
associated substrate are counted as one layer) whOe 
switch 1 00 (Figure 4) includes but 9 layers. Thus, it is 
simpler and more economical to manufacture. 

Switch 100, like switch 5, includes a graphic 
overlay 140. and NCAP liquid crystal ceil 160 and a 
membrane-type switch portion 180. 

The NCAP liquid crystal cefl includes an NCAP 
liquid crystal material 111 disposed between flexible 
substrates 112 and 118. A common electrode 114 is 
formed on substrate 118, and a patterned electrode 
113 Is formed on substrate 112. An appropriate 
electrical lead or leads 115 are provided tor 
connecting the electrodes to suitable circuitry. 

However, in switch 100, the UV blocking layer 42 
has been eliminated. Instead, a UV blocking materia] 
has been incorporated into substrate 118. As in 
switch 5, the UV blocking material absorbs ultravi- 
olet radiation. 

Substrate 118 may be formed from a polyester film 
coated with rro to form electrode 1 14. A UV inhibitor 
material, however, has been added to the polyester 
film to absorb UV light. Such a substrate is available 
from Toray, Tokyo, Japan, and Is known by the name 
Q-37. This substrate comprises a polyester film that 
has incorporated therein UV Inhibitor, such as 
2-hydroxy-4-n-ootytoxybenzophenone that perform 
the ultraviolet radiation blocking function. 

The moisture and/or oxygen barrier layer 46 has 
also been eliminated from switch 100. Such a barrier, 
however, has been provided as part of substrate 
112. Specifically, substrate 112 comprises a layer of 
flexible polyester film coated with a transparent 
nonconductive material, such as tin oxide, that forms 
a barrier to moisture and/or oxygen. A layer of a 
transparent conductive material, such as ITO, Is 
deposited on top of the nonconductive layer to form 
the electrodes. This material is available from Andus 
Corporation and Is described In the above-identified 
application Serial No. 202,763. As discussed, a 
coating of an electrically conductive material, such 
as Nl, may be deposited on top of the fTO to form a 
buss for powering the electrodes. 

An optical adhesive 144 Joins graphic overlay 140 
to substrate 1 1 8. A die-cut air gap adhesive 1 52, Gke 
that utilized in switch 5, Is disposed between 
substrate 112 and reflector 126 on substrate 120 of 
switch portion 180. 

The construction of switch portion 180 has also 
been simplified. It comprises only flexible substrate 
120 and a substantially rigid substrate 124 between 
which Is disposed a switch spacer adhesive 136, tike 
that used in switch 5. As discussed, substrate 120 
may be a thin, polyester fflm, and substrate 124 can 
be formed from a polycarbonate, phenolic or metallic 
material. 

Substrate 124 forms an ESD shield and provides a 
stiffener at the rear end of the switch. Common 
electrode 132 is formed on substrate 124, and a 
patterned electrode 128 is formed on flexible 



substrate 120. Electrodes 128 and 132 are con* 
nected to the switching circuitry by lead or leads 
138. 

Another embodiment of a switch is illustrated In 
5 Figure 5. Switch 200 Includes a graphic overlay 240, 
a NCAP liquid crystal ceil 206, and a membrane-type 
switch portion 208. 

The NCAP cell comprises NCAP liquid crystal 
material 211 disposed between flexible substrates 
10 212 and 218. A patterned electrode 213 is formed on 
substrate 212, and a common electrode 214 is 
formed on substrate 218. 

A moisture barrier 246 may also be provided. The 
moisture barrier, as in switch 5, may comprise a layer 
15 of polyester coated with ITO. 

Membrane switch portion 208 may include an 
electroluminescent (EL) panel 250 and a rear 
substrate 224. The rear panel or substrate 224 would 
be substantially rigid and EL panel 260 would be 
20 flexible to permit actuation of the switch by the 
application of a pressure as at "A" to the front of the 
switch. 

A switch pattern electrode 228 may be formed on 
one surface of the EL panel, and a common 

25 electrode 232 would be formed on the opposed 
surface of substrate 224. As discussed, a switch 
spacer adhesive layer 236 is disposed between 
these two electrodes to separate them in the 
absence of the application of a pressure to the 

30 switch by an operator. 

A reflector 226 is formed on the side of EL panel 
260 remote from patterned electrode 228. A die-cut 
air gap adhesive layer 252 may be disposed between 
reflector 226 and moisture barrier 246. As In the 

35 other embodiments, the air gap adhesive layer 262 
provides an air space between reflector 226 and the 
•electrically-active regions of liquid crystal cell 206. 

EL panels themselves are well known In the art, 
and thus they are not described in any detail. 

40 Generally, EL panel 250 is a thin, fiat display panel 
that Includes electroluminescent phosphors that 
emit light when excited by an electrical field, the 
display may typically comprise two electrode-coated 
substrates between which are located a layer or 

45 layers of a dielectric material, and a electrolumines- 
cent phosphorus material. EL panels are described 
In U.S. Patent 4,740,781, Issued April 26. 1988, the 
disclosure of which is hereby Incorporated by 
reference. Examples of EL panels that may be 

50 utilized In switch 200 are those available from 
Luminescent Systems, Inc. of Lebanon, New Ham- 
pshire. These panels are available In different sizes 
depending upon the application. 
As noted above, electrical connections (not 

65 shown) are provided for connecting the liquid crystal 
cell electrodes and the switch electrodes to suitable 
circuitry. As Is weB known in the art, appropriate 
electrical connections, for example leads 251, 263, 
are made between the electrodes of EL panel 250 

60 and a source of electrical energy 265 for operating 
the EL panel. A switch 257 determines whether an 
electric field is applied across panel 250. Preferably, 
the EL panel is driven by a 60 Hz, 60 volt source. This 
may be the same power source that drives the NCAP 

65 cell. 
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EL panel 250 acts as the upper substrata of 
membrane switch portion 208. Additionally, when an 
electric field is applied across It, it provides a source 
of backlighting. This provides switch 200 with 
improved optical operating characteristics:* when 
there is Insufficient ambient light, for example in 
extremely dark rooms or at night in this regard, 
reflector 226 acts as a reflector in bright Kght, for 
example daylight, and as a transactor under 
low-light conditions. 

Switch 200 also may be modified by eliminating 
barrier 246, with EL panel 250 acting as the moisture 
and/or oxygen barrier. 

Yet another embodiment of a switch Is illustrated 
In Figure 6. This switch 300 includes a graphic 
overlay 340, a NGAP liquid crystal cell 306. and a 
membrane-type switch portion 308. 

The NGAP ceil comprises NCAP liquid crystal 
material 311 disposed between flexible substrates 
312 and 318. A patterned electrode 313 is forme&on 
substrate 312, and a common eleotrode 314 is 
forth ed on substrate 318. A moisture or oxygen 
barrier 348 may be provided. 

Membrane switch portion 308 may include a 
flexible substrate 320 and a substantially rigid 
substrate 324 between which Is disposed a switch 
spacer adhesive 336 and a number of plastic or 
metal domes 340. (The use of a dome or domes in 
membrane switches is known.) Substrate 320 may 
be a thin, polyester film, and substrate 324 may be a 
polycarbonate, phenolic or metallic material. 

A common electrode 328 may be formed on the 
surface of substrate 320, and a patterned electrode 
332 may be formed on the opposed surface of 
substrate 324. The pattern may consist of interdtgi- 
tated conductors. 

A reflector 326 may be formed on the side of 
substrate 320 remote from electrode 328. A die-cut 
air gap adhesive layer 362 may be disposed between 
reflector 326 and barrier 346. As In the other 
embodiments, the air gap adhesive layer provides an 
air space between reflector 326 and the electrically- 
active regions of the liquid crystal cell 306. 

As discussed, the switch spacer adhesive layer 
336 Is disposed between electrodes 328 and 332 of 
membrane switch 308 to separate them in the 
absence of the application of a pressure to the 
switch as might be applied by an operator. 

Also as previously noted, a suitable dome or 
domes, made from a plastic or a metal material, for 
example, may be disposed between the substrates 
320 and 324 of the membrane switch 308. The domes 
provide a tactile feel for the operator of a switch 
during the application of the pressure to the switch 
as represented at "A". By way of example, the 
domes may be about 5 mfls In thickness. 

The dome embodiments may be utilized with the 
other switch embodiments disclosed in the specifi- 
cation. Alternatively, it would also be possible to 
form the domes, for example, by embossing them at 
the front portion of the switch; for example, on the 
overlay or between the overlay and the NCAP. cell 
306. 

Although certain specific embodiments of the 
Invention have bean described herein in detail, the 



Invention Is not to be limited only to such embodi- 
ments, but rather only by the appended claims. 



5 Cfalms 

1 . A switch, comprising: 
a first flexible substrate having a first electrode 
formed thereon and having sufficient flexibility 
1Q to deflect in response to the application of a 

pressure thereto wherein a display is visible 
through said first substrate ; 
a liquid crystal means including the combination 
of a liquid crystal material and containment 
16 means for inducing a distorted alignment of said 

liquid crystal material which in response to such 
alignment at least one of scatters and absorbs 
fight and which in response to an electrical field 
reduces the amount of such scattering or 

20 . absorption; 

a second flexible substrate rearward ly of said 
first substrate having a second electrode 
formed thereon and having sufficient flexibility 
to deflect In response to the application erf said 

25 pressure, said liquid crystal means disposed 

between said first and second substrates; 
a third substrate disposed rearwardiy of said 
second substrate and having a conductor 
formed thereon, said third substrate forming 

30 part of a switch and including a flexible portion 

for actuating a switch function In response to 
the application of said pressure; 
a reflector means formed on the side of said 
third substrate remote from said conductor; 

35 means forming an ahr gap between said reflec- 

tor means and said second electrode ; 
a substantially rigid substrate disposed rear- 
wardiy of said third substrate; 
at least a portion of said first, second and third 

40 substrates deflectable toward said rigid sub- 

strate In response to the application of said 
pressure so as to actuate said switch function 
and cause a change In said display; and 
at least portion of said pressure applied to said 

46 liquid crystal means during deflection of said 

substrates, said liquid crystal means substan- 
tially unaffected by the application of said 
pressure in that ft retains its ability to induce 
said distorted alignment and to reduce the 

60 amount of such scattering or absorption during 

application of said pressure. 

2. A switch, comprising: 
a first flexible substrate having a first electrode 
formed thereon and having sufficient flexibility 

66 to deflect In response to the application of a 

pressure thereto wherein a display is visible 
through said first substrate; 
a Hquid crystal means including the combination 
of a liquid crystal material and containment 

60 means for Inducing a distorted alignment of said 

liquid crystal material which In response to such 
alignment at feast one of scatters and absorbs 
light and which in response to an electric field 
reduces the amount of such scattering or 

65 absorption; 
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.a second flexible substrate rearwardly of said 

first substrate having a second eleotrode 
formed thereon and having sufficient flexibility 
to deflect In response to the application of said 
pressure, said liquid crystal means disposed 6 
between said first and second substrates, and 
said second substrate incorporating therein a 
means forming a barrier for preventing moisture 
from contaminating said liquid crystal means; 
a third substrate disposed rearward fy of said 10 
second substrate and having a first conductor 
formed thereon, said third substrate forming 
part of a switch and including a flexible portion 
for actuating a switch function In response to 
the application of said pressure; 15 
a substantially rigid substrate forming part of 
said switch and disposed rearward fy of said 
third substrate and spaced therefrom, said rigid 
substrate having a second conductor formed 
thereon; 20 
at least a portion of said first, second and third 
substrates deflectable toward said rigid sub- 
strate in response to the application of said 
pressure so as to actuate said switch function 
and cause a change fin said display; and 25 
at least portion of said pressure applied to said 
liquid crystal means during deflection of said 
substrates, said liquid crystal means substan- 
tially unaffected by the application of said 
pressure In that it retains its ability to induce 30 
said distorted alignment and to reduce the 
amount of such scattering or absorption during 
application of said pressure. 

3. A switch comprising: 
a display means for causing a display including. 35 

i) a liquid crystal means Including the 
combination of a liquid crystal material and 
containment means for inducing a dis- 
torted alignment of said liquid crystal 
material which in response to such align- 40 
ment at least one of scatters and absorbs 

light and which in response to an electrical 
input reduces the amount of such scatter- 
ing or absorption, and 

ii) a flexible substrate means tor suppor- 45 
ting said liquid crystal means; 

a switch means disposed to the rear of said 
display means, said switch means includ- 
ing an electroluminescent panel for provid- 
ing a source of backlighting for said display 50 
and said electroluminescent panel deflect- 
able for actuating a switch function ; 
at least a part of said substrate means of 
said display means deflectable by the 
application of a pressure thereto to deflect . 55 
said electroluminescent panel to actuate 
said switch function applying at least a 
portion of said pressure to said liquid 
crystal means, said liquid crystal means 
substantially unaffected by the application 60 
of said pressure in that during the appBca- 
tion thereof it retains its ability to induce 
said distorted aSgnment and to reduce the 
amount of such scattering or absorption. 
4. The switch of Claim 1 or 2 wherein said 65 



second electrode forms a pattern and said air 
gap means comprises a member having cut- 
outs formed therein that approximate the 
configuration of said pattern. 

5. The switch of Claim 1 or 2 further including 
a barrier disposed between said reflector 
means and said second eleotrode for prevent- 
ing moisture from contaminating said liquid 
crystal means. 

6. The switch of Claim 1, 2 or 3 wherein said 
liquid crystal material includes a pleochroic dye, 

7. The switch of Claim 1, 2 or 3 further 
Including means for reducing the amount of 
ultraviolet light passing into said liquid crystal 
means, 

8. The switch of Claim 1, 2 or 3 further 
Including a graphic overlay. 

9. The switch of Claim 1 or 2 further inducing 
a fourth substrate disposed between said third 
substrate and said rigid substrate, said fourth 
substrate forming part of the switch and having 
a second conductor formed thereon for making 
electrical contact with said first conductor 
during the application of said pressure, 

10. The switch of Claim 9 further Including a 
means disposed between said first and second 
conductors for maintaining a spacing therebet- 
ween in the absence of said pressure. 

11. The switch of Claim 9 wherein said rigid 
substrate acts as an electrostatic discharge 
shield. 

12. The switch of Claim 1, 2 or 5 wherein a 
transparent conductive material is applied to 
said second substrate to form said second 
electrode and a metal is applied to said 
conductive material to form at least one bus. 

13. The switch of Claim 2 further including a 
reflector formed on the side of said third 
substrate remote from said first conductor; and 
means disposed between said reflector and 
said second substrate for establishing an air 
gap between said reflector and said second 
substrate; 

14. The switch of Claim 3 further including a 
substantially rigid substrate forming part of said 
switch means disposed rearwardly of said 
electroluminescent panel and spaced there- 
from, said electroluminescent panel having a 
first conductor formed on the side thereof 
nearest said rigid substrate and said rigid 
substrate having a second conductor formed 
thereon. 

15. The switch of Claim 14 further including 
means disposed between said first and second 
conductors for maintaining a spacing therebet- 
ween in the absence of said pressure. 

16. The switch of Claim 15 further Including a 
reflector means formed on the side of said 
electroluminescent panel remote from said first 
conductor and means for forming an air gap 
between said reflector means and said cfispiay 
means. 

17. The switch of Claim 16 further including a 
barrier disposed between said display means 
and said electroluminescent panel for prevent- 
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Ing contamination of said liquid crystal means. 

18. The switch of Claim 3 wherein said 
electroluminescent panel forms a barrier for 
preventing contamination of said liquid crystal 
means. 5 

19. The switch of Claims 1, 2, 3 or 5 further 
including means for supplying a tactile feel 
during deflection of said substrates. 
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